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AQUEOUS AMINOPLAST CURABLE FILM-FORMING COMPOSITIONS 
PROVIDING FILMS HAVING RESISTANCE TO ACID ETCHING 



5 

Field of the Invention 
The present invention relates to aqueous -based, aminoplast 
curable film-forming compositions, and in particular to aqueous-based 
aminoplast curable compositions exhibiting superior acid etch 
10 resistance. 

Background of the Invention 
Arainoplast-cured coating systems are well known and provide 
many excellent coating properties. However, it is widely recognized 
15 that such coatings, particularly clear coats, have poor resistance to 
etching by acid* Conventional coating systems that contain hydroxyl 
functional film-forming resins and aminoplast crosslinking agents 
rely on a cure mechanism wherein hydroxyl groups on the resin react 
with the aminoplast to form ether linkages- See, for example, 
20 European Patent Application 0 257 848. Although not intending to be 
bound by any theory, it is believed that such ether linkages are 
vulnerable to acid attack and hence yield coatings with poor acid 
etch resistance • 

Because many geographic areas encounter acidic 
25 precipitation, acid resistance in coatings is becoming an 
increasingly desirable property, particularly for automotive 
coatings. Hydroxy 1-aminoplast coating systems of the prior art are 
not highly effective for providing protection against etching caused 
by acid rain . 

30 It is desirable, therefore, to provide a coating system 

which avoids the problems of the prior art by demonstrating improved 
acid etch resistance properties. 



Summary of the Invention 
35 In accordance with the present invention, an aqueous -based, 

curable film-forming composition is provided, derived from (1) a 
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material containing a plurality of terminal or pendant groups of the 
structure: 

R H 
I X - Jj - llf - H or II - N - C - OR* 

5 0 0 

where X is -N or -0 and R is H or alkyl of 1 to 18 carbon atoms or R 
is bonded to X and forms part of a 5 or 6 membered ring and R 1 is 
alkyl of 1 to 18 carbon atoms; and (2) an aminoplast crosslinking 
agent containing raethylol and/or methylol ether groups* Prior to 

10 crosslinking, the film-forming composition comprising the material of 
(1) and (2) has a calculated hydroxyl value less than 50 based on 
solid weight of the clear film-forming composition, excluding any 
hydroxyl functionality which may be associated with N-methylol 
groups. The crosslinked coating has a substantial number of urethane 

15 and/or urea crosslinks that arise from reaction of the terminal or 
pendant groups of structure I or II with the aminoplast, thereby 
providing a high level of acid etch resistance. 



Detailed Description 
20 The aqueous-based film-forming composition is a 

crosslinkable composition comprising (1) a material containing a 
plurality of pendant or terminal groups of the structure: 

? i 

I X-C-N-H or II - N - C - OR' 

II li 

25 0 0 

where X is -N or -0 and R is H or alkyl of 1 to 18, preferably 1 to 6 
carbon atoms or R is bonded to X and forms part of a five- or 
six-membered ring and R' is alkyl of 1 to 18, preferably 1 to 6 
carbon atoms; and (2) an aminoplast crosslinking agent containing 
30 methylol and/or methylol ether groups. The material of (1) has on 
average at least two pendant or terminal groups of the structure I 
and/or II, preferably structure I, per molecule. Preferably X = 
-0. The material of (1) may be an acrylic polymer, a polyester 
polymer or oligomer, a polyurethane polymer or oligomer, or a blend 
35 of two or more of these materials. Acrylic polymers are preferred. 
Prior to crosslinking, the film-forming composition of (1) and (2) 
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has a theoretical hydroxyl value of less than 50, preferably less 
than 25, and more preferably 0, based on solid weight of the 
film-forming composition, excluding .any hydroxyl functionality 
associated with N-xnethylol groups such as those in the aminoplast and 
5 any hydroxyl functionality which may be associated with N-methylol 
groups incorporated into the material of (1) such as N-methylol 
acrylamide groups in the acrylic polymer- By calculated hydroxyl 
value is meant the calculated value based on the relative amounts of 
the various ingredients used in making the film-forming composition, 
10 rather than the actual hydroxyl value which is measured on the 
film-forming composition itself by conventional techniques. The 
resultant cross linked coating contains a substantial number of 
urethane or urea crosslinks that arise from reaction of the terminal 
or pendant groups of structure I or II with the aminoplast, thereby 
15 providing a high level of acid etch resistance. 

The acrylic materials are copolymers of one or more alkyl 
esters of acrylic acid or methacrylic acid, and, optionally, one or 
more other polymeriz-able ethylenically unsaturated monomers. 
Suitable alkyl esters of acrylic or methacrylic acid include methyl 
20 methacrylate, ethyl methacrylate, butyl methacrylate, ethyl acrylate, 
butyl acrylate, and 2-ethylhexyl acrylate. Suitable other 
polymerizable ethylenically unsaturated monomers include vinyl 
aromatic compounds such as styrene and vinyl toluene; nitriles such 
as acrylonitrile and methacrylonitrile; vinyl and vinylidene halides 
25 such as vinyl chloride and vinylidene fluoride and vinyl esters such 
as vinyl acetate. Acrylic and methacrylic acid are also suitable 
monomers, yielding polymers which can be neutralized and dispersed in 
water. 

Hydroxyl functional monomers such as hydroxyethyl acrylate, 
30 hydroxypropyl acrylate, hydroxyethyl methacrylate, and hydroxypropyl 
methacrylate may be copolymerized with the acrylic monomers to impart 
hydroxyl functionality to the acrylic material in accordance with the 
theoretical hydroxyl values mentioned above. 

Pendant carbamate functional groups of structure I (X = -0) 
35 may be incorporated into the acrylic polymer by copolymer izing the 
acrylic monomers with a carbamate functional vinyl monomer, for 
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example a carbamate functional alkyl eeter of methacrylic acid. 
These carbamate functional alkyl esters are prepared by reacting, for 
example, a hydroxyalkyl carbamate, such as the reaction product of 
ammonia and ethylene carbonate or propylene carbonate, with 
5 methacrylic anhydride. Other carbamate functional vinyl monomers 
are, for instance, the reaction product of hydroxyethyl roe thacry late, 
isophorone diisocyanate, and hydroxypropyl carbamate (yielding 
structure I)» or the reaction product of hydroxypropyl methacrylate , 
isophorone diisocyanate, and methanol (yielding structure II). Still 
10 other carbamate functional vinyl monomers may be used, such as the 
reaction product of isocyanic acid (HNCO) with a hydroxyl functional 
acrylic or methacrylic monomer such as hydroxyethyl acrylate, and 
those described in U.S. Patent 3,479,328. Pendant carbamate groups 
can also be incorporated into the acrylic polymer by reacting a 
15 hydroxyl functional acrylic polymer with a low molecular weight alkyl 
carbamate such as methyl carbamate. Reference is made to Japanese 
Kokai 51-4124. Also, hydroxyl functional acrylic polymers can be 
reacted with isocyanic acid yielding pendant carbamate groups* Note 
that the production of isocyanic acid is disclosed in U.S. Patent 
20 4,364,913. Likewise, hydroxyl functional acrylic polymers can be 
reacted with urea to give an acrylic polymer with pendant carbamate 
groups . 

Pendant urea groups of structure I (X « -N) may be 
incorporated into the acrylic polymer by copolymerizing the acrylic 

25 monomers with urea functional vinyl monomers such as urea functional 
alkyl esters of acrylic acid or methacrylic acid. Examples include 
the condensation product of acrylic acid or methacrylic acid with a 
hydroxyalkyl ethylene urea such as hydroxyethyl ethylene urea. Other 
urea functional monomers are, for example, the reaction product of 

30 hydroxyethyl methacrylate, isophorone diisocyanate, and hydroxyethyl 
ethylene urea. 

Mixed pendant carbamate and urea groups may also be used. 

The acrylic polymer material may be prepared by solution 
polymerization techniques in the presence of suitable catalysts such 
35 as organic peroxides or azo compounds, for example, benzoyl peroxide 
or N,N-azobis(isobutyronitrile). The polymerization may be carried 
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out in an organic solution in which the monomers are soluble and 
solubilized or dispersed into water by techniques conventional in the 
art. Alternately, the acrylic polymer may be prepared directly in 
water by aqueous emulsion or dispersion polymerization techniques 
5 well known in the art. Acrylic polymers with acid functionality can 
be neutralized for dispersion in water. 

The acrylic material typically has a number average 
molecular weight of from about 900 to 13,000, preferably from about 
1000 to 5000 as determined by gel permeation chromatography using a 
10 polystyrene standard, and an equivalent weight of less than 5000, 
preferably within the range of 140 to 2500, based on equivalents of 
reactive pendant or terminal carbamate or carbamate and/or urea 
groups. The equivalent weight is a calculated value based on the 
relative amounts of the various ingredients used in making the 
15 acrylic material and is based on solids of the acrylic material. 

Polyesters may also be used in the formulation of the 
film-forming composition and may be prepared by the 

polyesterif ication of a polycarboxylic acid or anhydride thereof with 
polyols and/or an epoxide. Usually, the polycarboxylic acids and 
20 polyols are aliphatic or aromatic dibasic acids and diols. 

The polyols which are usually employed in making the 
polyester include alkylene glycols, such as ethylene glycol, 
1,6-hexanediol, neopentyl glycol, 2,2-dimethyl-3-hydroxypropyl-2,2- 
dimethyl-3-hydroxypropionate and other glycols, such as hydrogenated 
25 Bisphenol A, cyclohexanediol , cyclohexanedimethanol , 

caprolac tone-based diols, for example, the reaction product of 
epsilon-caprolactone and ethylene glycol, hydroxy-alkylated 
bisphenols, polyether glycols, for example, poly(oxytetramethylene) 
glycol and the like. Polyols of higher functionality may also be 
30 used. Examples include trimethylolpropane, trime thy lole thane , 
pentaerythritol and the like. 

The acid component of the polyester consists primarily of 
monomeric carboxylic acids or anhydrides thereof having 2 to 18 
carbon atoms per molecule. Among the acids which are useful are 
35 phthalic acid, isophthalic acid, terephthalic acid, 

tetrahydrophthalic acid, hexahydrophthalic acid, adipic acid, azelaic 
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acid » sebacic acid, maleic acid, glutaric acid, methyl 
hexahydrophthalic anhydride, decanoic diacid, dodecanoic diacid and 
other dicarboxylic acids of various .types. The polyester may include 
minor amounts of monobasic acids such as benzoic acid, stearic acid, 
5 acetic acid, and oleic acid. Also, there may be employed higher 
carboxylic acids such as trimellitic acid and tricarballylic acid. 
Where acids are referred to above, it is understood that anhydrides 
thereof which exist may be used in place of the acid. Also, lower 
alkyl esters of the acids such as dimethyl glutarate and dimethyl 
10 terephthalate may be used. 

Pendant carbamate functional groups of structure I may be 
incorporated into the polyester by first forming a hydroxyalkyl 
carbamate which can be reacted with the polyacids and polyols used in 
forming the polyester. A polyester oligomer may be prepared by 
15 reacting a poly carboxylic acid such as those mentioned above with a 
hydroxyalkyl carbamate. An example of a hydroxyalkyl carbamate is 
the reaction product of ammonia and ethylene carbonate or propylene 
carbonate. The hydroxyalkyl carbamate is condensed with acid 
functionality on the polyester or polycarboxylic acid, yielding 
20 pendant carbamate functionality. Pendant carbamate functional groups 
of structure I may also be incorporated into the polyester by 
reacting isocyenic acid or a low molecular weight alkyl carbamate 
such as methyl carbamate with a hydroxy 1 functional polyester. Also, 
pendant carbamate funtionality may be incorporated into the polyester 
25 by reacting a hydroxy functional polyester with urea. 

Pendant urea groups of structure I may be incorporated into 
the polyester by reacting a hydroxy 1 functional urea such as a 
hydroxyalkyl ethylene urea with the polyacids and polyols used in 
making the polyester, A polyester oligomer can be prepared by 
30 reacting a polyacid with a hydroxyl functional urea. Also, 

isocyanate terminated polyurethane or polyester prepolymers may be 
reacted with primary amines, aminoalkyl ethylene urea, or 
hydroxyalkyl ethylene urea to yield materials with pendant urea 
groups. Preparation of these polymers is known in the art and is 
35 described in U.S. Patent No. 3,563,957. 

Mixed pendant carbamate and urea groups may also be used in 
the polyester material. 
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Polyure thanes can be formed by reacting a polyisocyanate 
with a polyester having hydroxyl functionality and containing the 
pendant carbamate and/or urea groups. Alternatively, the 
polyurethane can be prepared by reacting a polyisocyanate with a 
5 polyester polyol and a hydroxyalkyl carbamate or isocyanic acid as 
separate reactants. Examples of suitable polyisocyanates are aromatic 
and aliphatic polyisocyanates, with aliphatic being preferred because 
of better color and durability properties. Examples of suitable 
aromatic diisocyanates are 4 , 4 1 -dipheny Ime thane diisocyanate , 
10 1 , 3-phenylene diisocyanate, 1 ,4-phenylene diisocyanate, and toluene 
diisocyanate. Examples of suitable aliphatic diisocyanates are 
straight chain aliphatic diisocyanates such as 1,4-tetramethylene 
diisocyanate and 1 ,6-hexamethylene diisocyanate. Also, 
cycloaliphatic diisocyanates can be employed and are preferred 
15 because of imparting hardness to the product. Examples include 
1 ,4-cyclohexyl diisocyanate, isophorone diisocyanate, 
alpha, alpha-xylylene diisocyanate and 4,4 '-methylene-bis-Ccyclohexyl 
isocyanate). 

The polyester and polyurethane materials can contain other 
20 pendant groups such as carboxylic acid groups which can be at least 
■ partially neutralized with base to aid in water dispersibility. 
Also, the use of difunctional reactants such as dimethylol propionic 
acid is possible in the preparation of either a polyester or 
polyurethane material, providing pendant polar groups. 
25 The polyester or polyurethane materials typically have 

number average molecular weights of about 300 to 3000, preferably 
about 900 to 1500 as determined by gel permeation chromatography 
using a polystyrene standard, and an equivalent weight of from about 
140 to 2500 based on equivalents of pendant carbamate and/or urea 
30 groups. The equivalent weight is a calculated value based on the 
relative amounts of the various ingredients used in making the 
polyester or polyurethane and is based on solids of the material. 

Besides polymeric materials, relatively low molecular weight 
materials containing pendant carbamate functional groups of structure 
35 II may be formed by reacting isocyanate terminated monomers or 
oligomers, such as an isocyanurate of polymeric 1,6-hexamethylene 
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diisocyanate , with an alcohol. Any suitable aliphatic, 
cycloaliphatic, aromatic alkyl monoalcohol or phenolic compound may 
be used, such as, for example, aliphatic alcohols containing from 1 
to 18, preferably lower aliphatic alcohols containing from 1 to 6 
5 carbon atoms such as methanol, ethanol, n-butyl alcohol and 
n-hexanol; cycloaliphatic alcohols such as cyclohexanol ; 
aroma tic-alky 1 alcohols such as phenyl carbinol and methyl phenyl 
carbinol; phenolic compounds such as phenol itself, and substituted 
phenols in which the substituents do not adversely affect coating 
10 operations. Examples include cresol and nitrophenol. 

It is possible to prepare blends of the acrylic, polyester, 
and polyurethane materials containing pendant or terminal carbamate 
and/or urea groups described above. It is also possible to prepare 
blends of the low molecular weight materials containing pendant 
15 carbamate and/or urea groups with the polymeric materials containing 
pendant carbamate and/or urea groups. The weight ratio of low 
molecular weight materials to polymeric materials may range from 
10:90 to 90:10, preferably 10:90 to 40:60. 

The aqueous film-forming composition also includes an 
20 aminoplast crosslinking agent containing methylol and/or methylol 
ether groups, Aminoplast condensates are obtained from the reaction 
of formaldehyde with an amine or amide. The most common amines or 
amides are melaraine, urea, or benzoguanamine, and are preferred. 
While the aldehyde used is most often formaldehyde, other aldehydes 
25 such as acetaldehyde , crotonaldehyde , and benzaldehyde may be used. 

The aminoplast contains methylol groups and preferably at 
least a portion of these groups are etherified with an alcohol to 
modify the cure response. Any monohydric alcohol may be employed for 
this purpose including methanol, ethanol, butanol, and hexanol. 
30 Preferably, the aminoplasts which are used are melamine-, 

urea-, or benzoguanamine-f ormaldehyde condensates etherified with an 
alcohol containing from 1 to 6 carbon atoms. The aminoplast is 
present in amounts of about 1 to 80, preferably 10 to 50 percent by 
weight based on weight of resin solids in the clear film-forming 
35 composition. The equivalent ratio of pendant or terminal carbamate 
and/or urea functional groups of structure I and II above to methylol 
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or methylol ether groups is 0.5 to 2:1 based on calculated equivalent 
weights, and being sufficient to form a crosslinked film* 

The film-forming composition can be dispersed in water in 
several ways. As mentioned above, acid-functional materials having 
5 terminal or pendant carbamate and/ or urea groups may be neutralized 
with bases such as amines and dissolved or dispersed in water. Also, 
it is possible to prepare an aqueous dispersion of a blend of acrylic 
and polyester and/or polyure thane materials with pendant carbamate 
and/or urea groups in microparticulate form by a high stress 
10 technique using a homogenizer. This technique is described in U.S. 
Patent No. 5,071,904. 

The aqueous, liquid film-forming composition will also" 
preferably contain catalysts to accelerate the cure of the aminoplast 
and carbamate or urea groups. Examples of suitable catalysts are 
15 acidic materials and include sulfonic acids or substituted sulfonic 
acids such as para-toluene sulfonic acid. The catalyst is usually 
present in an amount of about 0.5 to 5.0 percent by weight, 
preferably about 1 to 2 percent by weight, based on weight of total 
resin solids. Optional ingredients such as, for" example, 
20 plasticizers, flow controllers, anti-oxidants , UV light absorbers and 
similar additives conventional in the art may be included in the 
composition. These ingredients are typically present at up to 25% by 
weight based on total resin solids. 

The aqueous-based composition may be applied to a substrate, 
25 or in the case of a clear film-forming composition, to a basecoated 
substrate by any conventional coating technique such as brushing, 
spraying, dipping or flowing, but spray applications are preferred 
because of superior gloss. Any of the known spraying techniques may 
be employed such as compressed air spraying, electrostatic spraying 
30 and either manual or automatic methods. 

After application of the coating composition, the coated 
substrate is heated to cure the coating. In the curing operation, 
solvents and water are driven off and the film-forming material of 
the coating is crosslinked. The heating or curing operation is 
35 usually carried out at a temperature in the range of from 160-350°F 
(71-1 77 °C) but if needed, lower or higher temperatures may be used as 
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necessary to activate crosslinking mechanisms. The thickness of the 
coating is usually from about 0.5-5, preferably 1*2-3 mils. 

The invention will further .be described by reference to the 
following examples. Unless otherwise indicated, all parts are by 
5 weight. 

EXAMPLES 

The following examples (Examples A-I) show the preparation 
of carbamate and/or urea functional materials and corresponding 
10 hydroxyl functional materials. 

Example A 

A carbamate functional acrylic monomer was prepared from the 



following ingredients: 

15 Ingredient Weight in Grams 

isophorone diisocyanate (IPDI) 888.0 

dibutyl tin dilaurate 4.6 

2,6-di-t-butyl methyl phenol 2.6 

butyl methacrylate 282.0 

20 hydroxypropyl carbamate 571.2 

hydroxy ethyl methacrylate 416.0 



A suitable reactor was charged with the first four 
ingredients and heated to a temperature of 60°C. The hydroxypropyl 
carbamate was added to the reaction mixture over 2 hours. The 

25 reaction mixture was then held at 60°C until the ieocyanate 

equivalent weight became constant. The hydroxyethyl methacrylate was 
then added over 2 hours, and the reaction held until infrared 
analysis indicated the absence of isocyanate. The product was 
diluted with 346.0 g of butyl methacrylate. The final product had a 

30 solids content of 75% and had a number average molecular weight of 
6 22 as determined by gel permeation chromatography. 



Example B 

A carbamate functional acrylic polymer dispersed in aqueous 
35 medium was prepared from the following ingredients: 
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tagred j ent Weight in Grams 

n-propanol 350.0 

butyl acrylate 202.0 

methyl methacrylate 195.2 

5 carbamate functional acrylic monomer 

from Example A 349.9 

acrylic acid 25.0 

t-dodecyl mercaptan 3.2 

t-butyl peroctoate 14.4 

10 n-propanol 46. A 

dimethyl ethanol amine (DMEA) 23.2 

water 700.0 



A suitable reactor was charged with the n-propanol and 
heated to reflux. The next five ingredients were added to the 

15 reaction mixture over 3 hours. At the same time, the t-butyl 
peroctoate and 46.4 g n-propanol were added over 3.5 hours. The 
reaction was then held at reflux for one hour. The DMEA was added to 
the reaction mixture at about 95 B C, followed by addition of the 
water. The reaction cooled to room temperature. The final product 

20 had a solids content of 35.3% and had a number average molecular 
weight of 3728 as determined by gel permeation chromatography. The 
carbamate equivalent weight of the resultant material was 
approximately 1040. 

Example C 

25 A carbamate functional acrylic latex was prepared from the 

following ingredients: 
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ingredient Weight in Graff £ 

Feed A: water 783. 4 

ALIPAL CO-436 1 15.1 

sodium bicarbonate 1.8 

5 Feed B: water 114.8 

ammonium persulfate 5.2 

Feed C: butyl acrylate 277*5 

methyl methacrylate 263*7 

carbamate functional acrylic monomer 

10 from Example A 502,0 

butyl methacrylate 136.9 

acrylic acid 36.4 • 

t-dodecyl mercaptan 18.2 

water 757.7 

15 ALIPAL CO-436 17,4 

DDBSA-DMEA 2 11.5 

Feed D: diieopropanol amine, 50% in water 67.2 



Anionic ethoxylated nonyl phenol available from GAF Corporation. 
DDBSA-DMEA solution was prepared by dissolving 1 mole dodecyl 
20 benzene sulfonic acid in water containing 1 mole dimethyl 
ethanol amine . 

A suitable reactor was charged with Feed A and heated to 
80 °C. 25 g of Feed C and then all of Feed B were added to the 
reaction mixture, and the mixture was held for 20 minutes. The 

25. remainder of Feed C was added over 3 hours. The reaction was held at 
80°C for two hours, and then cooled to room temperature. After 
dilution with Feed D, the final product had a solids content of 42.8% 
and had a number average molecular weight of 12,393 as determined by 
gel permeation chromatography. The carbamate equivalent weight of 

30 the resultant material was approximately 1140. 



Example D 

A carbamate functional polyester was prepared from the 
following ingredients: 



WO 94/10212 



PCT/US93/10173 



13 - 



ingredient Weight far grams 

DOWANOL PM carbamate 2 332.5 
polyester 1 455 
butyl etannoic acid 2.12 
5 1 Reaction product of hexahydrophthalic anhydride, ESTERDIOL 

20 A, and 1 ,6-hexanediol in a 1:1:1 mole ratio. 

2 Reaction product of DOWANOL PM and urea, 95% in DOWANOL PM 
which is the monomethyl ether of propylene glycol and is available 
from the Dow Chemical Co. 
10 The ingredients were charged to a suitable reactor equipped 

with a nitrogen sparge and Dean-Stark trap and heated to 140-145 °C. 
DOWANOL PM was removed from the reaction under reduced pressure. The 
reaction mixture was held until DOWANOL PM carbamate was no longer 
detectable on a gas chromatograph. The resultant reaction mixture 
15 was a soft, waxy, opaque material. 

Example E 

A pre-emulsion was prepared by stirring together the 
following ingredients: 

20 Ingredient Weight jn Grams 
carbamate functional polyester 

of Example D 125.0 

methyl methacrylate 100.0 

butyl acrylate 100.0 

25 stearyl methacrylate 25.0 
N-methylol acrylamide 

(48£ solution in water) 83.4 

methacrylic acid 10.0 

dodecylbenzenesulf onic acid 
30 (70% in water) 14.3 

N»N-dimethyl ethanol amine 2.5 

IGEPAL C0-897 1 7.2 

ferrous ammonium sulfate, 1% in water 2.5 

water 500.0 

35 1 Nonionic ethoxylated nonyl phenol available from GAF Corp. 

The pre-emulsion was passed though an Ml 10 MICROFLUIDIZER 

high pressure impingement eraulsifier (available from Microf luidics , 
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Inc.) at 8000 psi to produce a bluish-white emulsion. The emulsion 
was transferred to a suitable reactor and blanketed with nitrogen. 
Polymerization was initiated by adding first a mixture of 1.5 g 
isoascorbic acid and 2.5 g mercaptopropionic acid dissolved in 50.0 g 
5 water followed by a solution of 2.19 g hydrogen peroxide (35%) in 
25.0 g water added dropwise over 15 minutes. The emulsion exothermed 
from 26 to 66*0 over 14 minutes. Any remaining monomer was then 
polymerized by adding 0.5 g isoascorbic acid dissolved in 5.0 g water 
followed by 0.5 g of 35% hydrogen peroxide- An additional exotherm 
10 from 56 to 59°C was observed- The pH of the latex was increased to 
7.0 with 16.45 g of a 1:1 mixture of water and diisopropanolamine . 
The final product had a solids content of 41.0%. 

Example F 

15 A urea functional polyester oligomer was prepared from the 



following ingredients: 

Ingredient WeAgfrt jji grams 
dodecanedioic acid 575.0 
hydroxyethyl ethylene urea 637.74 
20 butyl stannoic acid 1.21 
xylene 198.66 



The ingredients were charged to a suitable reactor and 
heated to reflux to remove water through a Dean-Stark trap. The 
temperature of the reaction mixture was held at reflux until the acid 

25 value was less than 5. The reaction mixture was then cooled to 120 °C 
and volatile materials in the reaction mixture were removed under 
vacuum to a solids content of 98.7%. The reaction mixture was 
diluted to a final solids content of 65% with an 80:20 weight mixture 
of propanol : water . The product had a number average molecular weight 

30 of 606 and a theoretical urea equivalent weight of approximately 230. 

Example G 

A carbamate functional acrylic monomer was prepared from the 
following ingredients: 
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Ingredient Weigh* in gramg 

hydroxypropyl carbamate 600.0 
2,6-di-t-butyl methyl phenol 3.9 
triphenyl phosphite 2,22 

5 metbacrylic anhydride 810.0 

toluene 1200.0 

sodium hydroxide (16. 7%) 1260.0 



A suitable reactor was charged with the first four 
ingredients and heated to 100°C. The reaction mixture was held at 

10 this temperature until the methacrylic anhydride had completely 
reacted with the hydroxypropyl carbamate, as determined by gas 
chromatography. The reaction was cooled to room temperature and the 
* toluene and sodium hydroxide were added. After agitating for about 
30 minutes, the reaction mixture was transferred to a separatory 

15 funnel. The top layer, containing the product in toluene, was 
collected in a flask and the toluene was removed by vacuum 
distillation. 

Example H 

20 A carbamate functional acrylic latex was prepared from the 



following ingredients: 

Ingredient Weight in grans 

Feed A: water 450.0 

ALIPAL C0-436 9.3 

25 sodium bicarbonate 0.8 

Feed B: water 50.0 

ammonium persulfate 2.2 

Feed C: carbamate functional acrylic 

monomer of Example G 180.0 

30 butyl acrylate 240.0 

methyl methacrylate 120.0 

styrene 60.0 

acrylic acid 16.8 

t-dodecyl mercaptan 9.0 

35 water 400.0 

ALIPAL C0-436 18.0 

FGNP-15 1 26.0 

Feed D: diisopropanol amine, 50% in water 20.0 
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1 Nonionic surfactant prepared by reacting 1 mole of nonyl phenol 
with 15 moles of glycidol. 

A suitable reactor was charged with Feed A and heated to 
80 8 C. 25 g of Feed C and then all of Feed B were added to the 
5 reaction mixture, and the mixture was held for 20 minutes. The 

remainder of Feed C was added over 3 hours. The reaction was held at 
80 °C for two hours, and then cooled to room temperature- After 
addition of Feed D t the pH was 7.7. The final product had a solids 
content of A0.5X and had a number average molecular weight of 5706 as 
10 determined by gel permeation chromatography. 

Example I 

A hydroxy 1 functional acrylic latex was prepared from the 
following ingredients: 



15 






Ingredient 


Weicht in Grains 




Feed 


A: 


water 


450.0 








ALIPAL CO-436 


9.3 








sodium bicarbonate 


0.8 




Feed 


B: 


water 


50.0 


20 






ammonium persulfate 


2.2 




Feed 


C: 


hydroxyethyl a cry late 


180.0 








. butyl acrylate 


240.0 








methyl methacrylate 


120.0 








s tyrene 


60.0 


25 






acrylic acid 


16.8 








t-dodecyl mercaptan 


9.0 








water 


400.0 








ALIPAL C0-436 


18.0 








PGNP-15 


26.0 


30 


Feed 


D: 


diisopropanol amine, 50% in water 20.0 








A suitable reactor was 


charged with Feed A and heated to 



80 °C. 25 g of Feed C and then all of Feed B were added to the 
reaction mixture, and the mixture was held for 20 minutes. The 
remainder of Feed C was added over 3 hours. The reaction was held at 
35 80 °C for two hours, and then cooled to room temperature. After 

addition of Feed D, the pH was 7.84. The final product had a solids 
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content of 40.2% and had a number average molecular weight of 5123 as 
determined by gel permeation chromatography, and a hydroxyl value of 
22 based on solids content. 

5 The following examples (1-6) show the preparation of various 

clear film-forming compositions prepared with carbamate, urea, or 
hydroxyl functional materials and aminoplast curing agents. The 
coating compositions were evaluated in color-plus-clear applications. 

10 Example 1 

A clear film— forming composition was prepared by mixing 
together the following ingredients: 

Ingredient Solid weight in grams Solution weight in, grams' 

TINUVIN 1130 3.5 3.5 

15 CYMEL 328 1 30.0 34.9 
carbamate containing 

acrylic of Example B 70.0 198.4 

phenyl acid phosphate 1.0 5.0 

water 137.0 

20 * Waterborne version of CYMEL 327 available from American 
Cyanamid . 

Example 2 

A clear film-forming composition was prepared by mixing 
25 together the following ingredients: 

Ingredient Solid weight jn, grams Solution weight in grams 
carbamate containing 





acrylic of Example C 


70.0 


162.6 




CmLL 303 1 


30.0 


30.0 


30 


TINUVIN 1130 


3.5 


3.5 




DDBSA solution 2 


1.0 


5.0 




FC 430 solution 3 


0.1 


2.0 




diisopropanol amine solution^ 




3.9 




n-methyl-2-pyrrolidone 




5.0 


35 


isopropanol 




5.0 




water 




25.0 
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* Hexamethoxyraethyl melamine resin available from American 
Cyanamid . 

2 20 weight percent solution of .dodecylbenzene sulfonic acid 
neutralized with diisopropanolamine in deionized water. 
5 3 Nonionic surfactant available from 3M Corporation. 

50 weight percent solution of diisopropanolamine in deionized 

water. 



Example 3 

10 A clear film-forming composition was prepared by mixing 

together the following ingredients: 

Ingrefljent Solid weight in grants Solution weight in prams 

DDDA/HEEU oligomer 

of Example F 70.0 116.7 

15 CYMEL 328 30.0 * 34.9 

Phenyl acid 

phosphate solution 1.0 5.0 

Tego Wet ZFS 453 1 0.09 0.36 

1 



20 



Nonionic surfactant available from Tego Chemie Service GmbH, 

Example k 

A clear film-forming composition was prepared by mixing 
together the following ingredients: 

Ingredient Solid weight in gr«ns Solution weight in g rams 

25 carbamate functional 
acrylic and polyester 



latex of Example E 


70.0 


170.61 


CYMEL 303 


30.0 


30.0 


TINUVIN 1130 


3.5 


3.5 


30 DDBSA solution 


1.0 


5.0 


FC 430 solution 


0.1 


2.0 


diisopropanol amine solution 




3.2 


n-methyl-2-pyrrolidone 




5.0 


isopropanol 




5.0 


35 water 




58.1 
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Example 5 

A clear film-forming composition was prepared by mixing 
together the following ingredients: . 

Ingredient Solid weight in prams Solution weight in grams 

5 carbamate functional 

acrylic latex of Example H 70.0 172.8 

CYMEL 303 30.0 30.0 

TINUVIN 1130 3.5 3.5 

p-TSA solution 1 1.0 5.0 

10 diisopropanol amine solution — 3.5 

isopropanol — 50.0 

water — 17.3 

1 20 weight percent solution of para-toluene sulfonic acid * 

neutralized with diisopropanol amine in water. 

15 

fix, ample 6 

A clear film-forming composition was prepared by mixing 
together the following ingredients: 

Xngredieilt Solid weight in grams Solution weight in grams 

20 hydroxy 1 functional 

acrylic latex of Example I 70.0 174.2 

CYMEL 303 30.0 30.0 

TINUVIN 1130 3.5 3.5 

p-TSA solution 1.0 5.0 

25 diisopropanol amine solution — 3.5 

isopropanol — 50.0 

water — 16.3 

The film-forming compositions of Examples 1-6 were applied 

to a pigmented basecoat to form color-plus-clear composite coatings 

30 over electrocoated steel substrates. The pigmented basecoat for 

Examples 1-6 is commercially available from PPG Industries, Inc. and 

identified as BWB-8555. The basecoat was pigmented black in color. 

The electrocoat used on the steel is commercially available from PPG 

Industries, Inc. and is identified as ED-11. 

35 The basecoat was spray applied in two coats to electrocoated 

steel panels at a temperature of about 75°F (24°C) and a relative 
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humidity of about 60%, A ninety second flash time was allowed 
between the two basecoat applications. After the second basecoat 
application, a prebake time of approximately five minutes was allowed 
at 250°F (121°C) before the application of the clear coating 
5 composition. The clear coating compositions of Examples 1-6 were 
each applied to a basecoated panel in two coats with a ninety second 
flash at 75 °F (2A e C) allowed between coats. The composite coating 
was allowed to air flash at 75 D F (24*C) for ten to fifteen minutes 
and to flash at 140°F (60*C) for ten to fifteen minutes before baking 
10 at 285°F (1*»1°C) for 30 minutes to cure both the basecoat and 
clearcoat. The panels were baked in a horizontal position. The 
properties of the composite coatings are reported in Table I below. 



Table I 



Ey ample 



Acid etch rating 



15 



1 



3 



2 



3 



3 



2 



5 



5 



5 



20 



6 



9 
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VJe claim: 

1. An aqueous-based curable liquid film-forming 
composition comprising (1) a material containing a plurality of 

5 terminal or pendant groups of the structure: 

R H 
X - C - N - H and/or - N - C - OR' 

i i 

where X is -N or -0 and R is H or alkyl of 1-18 carbon atoms or R is 
10 bonded to X and forms part of a 5 or 6 membered ring and R ' is alkyl 
of 1 to 18 carbon atoms; and (2) an aminoplast crosslinking agent 
containing methylol and/or methylol ether groups; said film-forming 
composition being crosslinkable through reaction of said pendant or 
terminal groups with said methylol and/or methylol ether groups; said 
15 film-forming composition being further characterized as having a 
calculated hydroxyl value less than 50 based on solid weight of said 
film-forming composition, excluding any hydroxyl functionality 
associated with N-methylol groups so as to result in a crosslinked 
coating which has a substantial number of urethane and/or urea 
20 crosslinks arising from said reaction of pendant or terminal groups 
with said methylol and/or methylol ether groups, giving said 
crosslinked coating a high level of acid etch resistance. 

2. The composition of claim 1 in which the material is an 
25 acrylic polymer, 

3. The composition of claim 2 in which the acrylic polymer 
is prepared by aqueous emulsion polymerization techniques. 

30 4. The composition of claim 2 in which the acrylic polymer 

is prepared in organic solvent and inverted into aqueous medium. 

5. The composition of claim k in which the acrylic polymer 
contains ionic groups. 

35 

6. The composition of claim 5 in which the ionic groups 
are anionic groups- 
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7. The composition of claim 2 in which the acrylic polymer 
has an equivalent weight less than 5000 based on equivalents of said 
terminal or pendant groups* 

5 8. The composition of claim 7 in which the acrylic polymer 

has an equivalent weight of from about 140 to 2500 based on 
equivalents of said terminal or pendant groups. 

9. The composition of claim 1 in which the material is 
10 selected from the class consisting of polyesters » polyure thanes, and 
mixtures thereof. 

10. The composition of claim 9 in which the material is 
prepared in organic solvent and inverted into aqueous medium. 

15 

11. The composition of claim 10 in which the material 
contains ionic groups. 

12. The composition of claim 11 in which the ionic groups 
20 are anionic groups. 

13. The composition of claim 9 in which the material has on 
average at least two of said pendant or terminal groups. 

25 14. The composition of claim 13 in which the material has 

an equivalent weight of from about 140 to 2500 based on equivalents 
of said terminal or pendant groups. 

15. The composition of claim 1 in which X is -0 and R is 
30 selected from the class consisting of H and alkyl containing from 1 

to 6 carbon atoms and R' is alkyl containing from 1 to 6 carbon atoms. 

16. The composition of claim 1 in which the aminoplast is a 
condensate of melamine with formaldehyde and optionally an alcohol 

35 containing from 1 to 6 carbon atoms. 



WO 94/10212 



PCT/US93/10I73 



- 23 - 

17. The composition of claim 15 wherein the equivalent 
ratio of said pendant or terminal groups to methylol or methylol 
ether groups is from 0.5 to 2:1 and .is sufficient to form a 
crosslinked film. 

5 

18. The composition of claim 1 wherein the material is 
present in the film-forming composition in amounts of 50 to 90 
percent by weight based on weight of resin solids in the film-forming 
composition* 

0 

19. The composition of claim 1 wherein the aminoplast is 
present in the film-forming composition in amounts of 10 to 50 
percent based on weight of resin solids in the film-forming 
composition. 
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AMENDED CLAIMS 

[received by the International Bureau on 13 June 1994 (13.06.94); 
original claims 18 and 19 deleted; original claims 1> 9 and 15 amended; 
remaining claims unchanged (3 pages)! 



10 



1. An aqueous -based curable liquid film- forming 
composition comprising (1) 50 to 90 percent by weight based on weight 
of resin solids in the film- forming composition of a material 
containing a plurality of terminal or pendant urea or carbamate 
groups only of the structure: 

R 
I 

X - C - N - H 

II 

O 

and/or ure thane group of the structure : 

15 

H 
I 

- N - C - OR' 
II 

20 O 
I 

where X is -N or -O and R is H and R' is alkyl of 1 to IB carbon 
atoms; and (2) 10 to 50 percent by weight based on weight of resin 

25 solids in the film- forming composition of an aminoplast crossl inking 
agent containing methylol and/or methylol ether groups; said 
film- forming composition being crosslinkable through reaction of said 
pendant or terminal groups with said methylol and/ or methylol ether 
groups; said film- forming composition being further characterized as 

30 having a calculated hydroxyl value less than 50 based on solid weight 
of said film- forming composition, excluding any hydroxy 1 
functionality associated with N-methylol groups so as to result in a 
crossl inked coating which has a substantial number of urethane and/or 
urea crosslinks arising from said reaction of pendant or terminal 

35 groups with said methylol and/or methylol ether groups, giving said 
crosslinked coating a high level of acid etch resistance. 

2 . The composition of claim 1 in which the material is 
an acrylic polymer. 

40 



AMENDED SHEET (ARTICLE 19) 



WO 94/10212 



- 25 - 



PCT/US93/10173 



3. The composition of claim 2 in which the acrylic 
polymer is prepared by aqueous emulsion polymerization techniques. 

4. The composition of claim 2 in which the acrylic 
5 polymer is prepared in organic solvent and inverted into aqueous 

medium. 

5 . The composition of claim 4 in which the acrylic 
polymer contains ionic groups. 

10 

6 . The composition of claim 5 in which the ionic groups 
are anionic groups. 

7 . The composition of claim 2 in which the acrylic 

15 polymer has an equivalent weight less than 5000 based on equivalents 
of said terminal or pendant groups. 

8. The composition of claim 7 in which the acrylic 
polymer has an equivalent weight of from about 140 to 2500 based on 

20 equivalents of said terminal or pendant groups. 

9. The composition of claim l in which the material is 
selected from the group consisting of polyesters, polyurethanes , and 
mixtures thereof , 

25 

10. The composition of claim 9 in which the material is 
prepared in organic solvent and inverted into aqueous medium. 

11. The composition of claim 10 in which the material 
30 contains ionic groups. 

12. The composition of claim 11 in which the ionic 
groups are anionic groups . 
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13. The composition of claim 9 in which the material has 
on average at least two of said pendant or terminal groups. 

14. The composition of claim 13 in which the material 
5 has an equivalent weight of from about 140 to 2500 based on 

equivalents of said terminal or pendant groups. 

15. The composition of claim 1 in which X is -O and R * 
is alkyl containing from 1 to 6 carbon atoms . 

10 

16. The composition of claim 1 in which the aminoplast 
is a condensate of melamine with formaldehyde and optionally an 
alcohol containing from 1 to 6 carbon atoms. 

15 17 . The composition of claim 15 wherein the equivalent 

ratio of said pendant or terminal groups to methylol or methyl ol 
ether groups is from 0.5 to 2:1 and is sufficient to form a 
crosslinked film. 
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